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HIGH PURITY ELECTROLYTIC SULFONIC ACID SOUJTIONS 

M^LilBU^ ><h ,1 _\ \ I \ HON 

HWi\ The present invention relates to high purity sulfonic acids and their use in 
electrochemical processes, methods for preparing such high purity acids, methods for preparing 
high purity metal -sulfonate or sulfonic acid solutions, and products formed by usi tig such 
methods and solutions. 

(002] .Ef.ec troche.oueal processes may contain acid electrolytes to impart couch teti vity and 
thus lower the required voltage, aid in the dissolution of metal (e.g.. formation of metal salts) and 
metal oxides (e.g., descaling), aid in die deposition of metals from aqueous solutions (eg., 
electrodeposition), and may be used in the synthesis of conductive polymers to provide proton 
conduction and in batteries to aid in the dissolution and solvation of metals such, as zinc and lead, 

J003] There- are many acids that may be used in the above applications such as sulfuric, 
lilric pin i ic uffamk md h iroch rio act s 11 as phosphonit md tit mid The 
choice of the acids is very dependent upon the application and the purity of the acid. For 
i luI is not n pic all \ used to descale ferrous-based metals due to its 

propensi ty for pitting corrosion in the metal Sulfuric acid is not often used in the 
electrodeposition of silver or lead-based alloys due to the likelihood of metal precipitation in this 
acid. 

{004] There are also usually several grades or purities of acids and the choice of grade is 
often again dependent upon the industrial application. For example, sulfuric acid may be 
purchased a lech cal id i t electronic grade and \ cro ectronic fade 

Technical grade has the most impurities and is therefore not used in metal electrodeposition 
solutions a required in die microelectronic field. 
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[005j llet ;niS.> sulfo uc ackls iptance in 

many commercial applications due in large part to (a) their ability to solubiltee metals thai, are 
insoluble in acids such as sulfuric acta, are typically non-corroding acids like hydrochloric, (fa) 
being reducin tads alike nitric i n u r t sod k t:t 1 1 t 

moderate pH and elevated ttunperatures, 

{006] Additionally, improvements in electroplating solutions and techniques have been made 
(a) to meet increased standards for plating and (fa) to he able to plate under more highly difficult 
circumstances. 

|007j . v >. - ;>upp*e^>>r 

additives, accelerator additives and leveling additives and die fake to obtain the desired results, 

[008] However even lances may 

exist that can lead io plating defects due to inadequate coverage in recess areas such as in. the 
vias or trenches or through-holes in electronic devices, poor corrosion resistance of the deposited 
metaj. too high a residual stress leading to cracking in the metal coating or a rough 
commercially unacceptable deposit These defects can occur as a .result of an imbalance of the 
organic additi ves intended to obtain the desired metallic coating. 

109} Also, the useful lifetime of many metal eleetrodeposition electrolytes is dependent 
upon die breakdown of the organic additives, particularly the sulfur-corrtaiaiug accelerator 
additive. 

|6u"10] II is well known in die industry thai by having typical low valeat su.lfm~contain.mg 
accelerator type additive such as those used in acid copper, aickel, cobalt and iron solutions, 
omn rm phtii > i < rovias and oil h! cult to- 

i t ( I Ml \\ s , t giill >' ' l ' v 



[QSil] typical accelerator or bright \ ontain one o morel t tlfut 

1 1 if) oi less, 
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In ah cases, the iow-wahnt suifor accelerator or brightens? decomposes to impart the desired 
effects. 

fMftC] Hew^ei .ombmn . n- e t v tioioUnrw tfor t in c> uyn e fo w op 1,1 h sno iU 
due to competitive interactions at the surface of the work piece. 

|0O13] Therefore, it would be desirable to control tire concentration of the wanted fow-vaient 
siM.it additive in narrow ranges, often in the .milligram per liter range, and to avoid the 
interaction with unwanted low'-waie.ot sulfur imparity molecules from the acid make-up solution, 

[0014] The synthesis of conductive polymers such as poiyanUine may also employ sulfonic 
acids to impart conductivity through protonic doping. Choi and co-workers in Synthetic Metals 
d.ottvi' ,a tJ r )1 < t ) <>n , the picst or of dodc^ ! btn/ wfUnnu cud mhnfo »<n>d 
electricai conductivity. Dounnis and co-workers in Synthetic Metals, strutted the .synthesis of 
poiyanUine in a solution containing nonylnaphihalene sulfonic acid and found that the sulfonic 
acid itdsis hi oh it bnoi the conductive polymer inorganic media. There was no mention of 
the pittity of the sulfonic acid used in these studies. 

[0015] During the eiectiodeposition of nickel, iron and cobalt, additives may he employed in 
i o j to imj tn > posit, decrease the stress 

in the metal coating, increase the corrosion protection of the underlying substrate or to achieve a 
desired esthetic appearance. 

[MiM] The composition of the additives used in the electroplating solution is dependent upon 
the desired metal coating. However, in general, additives for these metal electroplating baths 
may contain suifor moieties as described by Lowenheim n } ■ • tg, 3 rd Ed Class 

1 hrighteners reduce the grain size of the metal coating but also incorporate a small, about 
0.03%, amount of suifor. In the corrosion protection of steel, a duplex nickel coating is required 
whereby foe underlying nickel (e.g., close to foe steel) must not contain any sulfur in foe deposit 
The nickel electrolyte is formulated such that the additives do not contain reducible suifor 
compounds that may eventually be co-deposited m the nickel. The top nickel layer of the duplex 
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contains small amounts of sulfur and cormdes pr^ereniialiy compared to fee miderlyiug sulfur 
free nickel coating. Bodnevas and Zahavi in Plating and Surface Finishing, (Dec. 1994, pg, 75) 
showed the effects of sulfer-bearing additives on the internal stress of nickel deposit, the 
incorporati n oi sulfut into Ik nickel ( ning « 1 th relationship between th ulfur-additive 
concentration in the solution and the incorporation of elemental sulfur hi the. nickel deposit 
pint, 1 a Ht' nln is ' dot n p th. n foj vk s t ^ m i u 0 nj un sulfonic 
acids such as those containing reduced or easily reducible sulfur compounds, the likelihood of 
ulb« ;ui. ,| antes es .iiin^aui dins utk,nm< fo. t U aa H\s .a the ckpt ,u the 

brightness of the metallic coating aod the corrosion properties. 

[0017] In depositii sst for use in aerospa as, from 

sulfaniate- based solutions, no sulfur is co-deposited in fie coating even if using a conventional 
-mUtt f e uu a i u , w an 1 a t U! 1 \ t uu < ^ uliNlM SnMS 
smftu has an oxidation state of -6 ami is not easily reduced. However, reducible sulfur 
compounds, if present in impure sulfonic acids, may alter the grain size of the nickel deposit and 
us pte.trti dk il en i ic stress us tiu • il i 1 

{0018J The synthesis of sulfonic acids may be complex and several undesirable impurities 
may be present in the desired sulfonic acids leading to difficulties in using sulfonic acids in 

S 'iomc acids may be made via the oxidation ht rresj 1 
thiol, bv m Irolysis oi ad us- t f no haiide, oi b; fix- oxidation o! dmiethyidisulfide \ arioas 
impurities may also be made during the oxidation or hydrolysis reaction and thus must be 
removed prior to use. Many low valent sulfur compounds such as sulfur (II) or sulfur (XV) or 
higher valent sulfur molecules such as suffer (VI.) compounds that, are susceptible to reduction 
and are present in the sulfonic acid may produce 1 a stench sir odoi interfere n th the ong« - g 
i iectrochei rk n p in.eo^ oral e final product 

[0019} low valent or easily reducil is sulfur compounds in an acidic medium may also 
produce an undesired sulfur stench. This stench comes from the formation of . minute amounts of 
hydrogen u un 'i 1 r sulfe) oxide 1 terials at turn nted and 

dangerous dm >y c '- ixoi hem t ai processes. 
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[00201 & tiws would he desirable to have new electrochemical compositions based on high 
purity sulfonic acids. It would be particularly desirable to have new sulfonic acid compositions 
that < io be e feetivel) used wth metals of sfo rig redo capab hties such us tin, stint and iron 
without deleterious effects such as odor and defects in die metal or polymer deposit'. Such, 
compositions could be used in u * ' >. batteries, conductive polymers and de-sealing 

it pi c !ti< us 

SUMMARY OF THE INVENTTOK 

[0021] The invention provides aqueous solutions for use in an electrochemical process. The 
solution is comprises of a sulfonic acid and low concentrations of 1ow~va;e;it sulfur (if) 
compounds and higher-vatent sulfur (IV) compounds that are susceptible to reduction and that 
are capable of producing an unwanted odor during makeup and use and undesirable effects 
during electrolysis, 

[0022 j Compositions of the. present invention are useful in processes that are tailored to meet 
oiore striiige quiren t in elect ^position of electronic circuits, conductive polymers, 
batteries and descaling work. 

|0023) The compositions of the invention are useful for depositing a metal, modifying or 
cleaning a scaled metal surface or for use as acid electrolytes in batteries or during the synthesis 
of conductive polymers. 

DETAILED DISCRETION OF THE INVENTION 

[00243 Compositions of die invention suitably contain a sulfonic acid with a low concentration 
of reduced or easily reducible sulfur species that have the ability to produce an odor during, the 
I >si tution oi a metal or interfere with the electrolysis process. 
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[8025] it has no w been found that compositions of high purity sulfonic acids, which when, 
employed in electrochemical processes, produce no odor during make-up and use and 

ma rciaJ ccept octal d hmei urfaces and polymer coaiin re 

obtained, 

[002* j This invention foe in ilfonh 

031 J desoahou 

[0027J Phe uifonit icids used in this h entkm have lm concentrate i f reduced sulfur 
compounds or sulfur compounds in high oxidation states that are susceptible to reduction mat 
are capable of producing an undesirable, odor during use, during make-up of nierakmlfonate 
salts. These undesirable low vaieat snifter compounds are also capable of producing rough or 
comiuercially unacceptable eiechrodeposits produced from the metal- -sulfonate salt solutions. If 
preset! ii in k tc rion th la vaieat sulfur < inp>,n4u\i be 

incorporated into lite metallic coating and thus alter the corrosion protection of the metals. The 
low valerit Sulfur compounds may ai.so interfere with the polymerization of organic monomers to 
form conductive polymers. 

[0028} Sulfonic acid electrolytes of the invention are characterized in significant part by 
comprising a low concentration of reduced sulfur compounds or sulfur compounds in a higher 
oxidation Atfc that am n ^ pnHo to rcductton by an active metal or during electrolysis to low 
vaieat sulfur- compound (odo 1 i in s) such as sulfides. 

1002**1 In particuiat preferre*. hi of the prese.nl invention 1 j 

concentration of reduced sulfur compounds less than about 50 mg/Hter, more preferably a total 
concentration of at least less than 5 mg/Hter, still more preferably at least less than 1 ffig/Hter. 
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{0030] Ik addition, other compounds .may be usee! with the high purity sulfonic acid 
solutions of the present invention, such as metal salts of the sulfonic acid or other 
UK gank >r o sic metal plating ac litives siu i \s t in re u rs 1 relets 

accelerators., conductivity salts, buffers, chelating agents; 

[0031] IX >'< v >v v J „ in jiiir-ni ■ . 

i < tit ( v V1H UlvdiliU- "s 1 

a'u,t \ ik n' ' if om1\,!' iiiu wwOtaAlit ial li ui u is 

dependent upon the operation of choice such as elecrtodeposkion, descaling, organic 
oionuiKC! po ymeri : i ton energ} sto < at devices and mixture of the above impounds 
may be used to effective the 

£00321 The invention also relates to the production of metal salts using the high purity sulfonic 
acid. Ma i u i( ) hm n mi w t } i 1 u,t] o j m cd uci t U 

electro ^dissohmoo of a metal into the high purity sulfonic acicl dissolution of various metal 
oxides, carbonates or other metal salts. 

{0033} hire Invention also includes articles ■ if manufacture em?!m ine sulfonic acids of this 
invention, including electronic packaging devices such as printed circuit boards, tmdtichip 
tncdit! tot m \ uc < ii w t im hin t iUko m n tu n l h iu p Mi \iS 
1 i st i id iHl id i_ I t tt i u ido^n su<M m b mac ul\ in ttt Inul 

energy storage devices, conductive polymers such as polyaniime and poiypyrrolc, xmc 
galvanized steel, tiu-piated steel, automobile parts, aerospace parts and other articles of 
marnttac taring using the sulfonic acids described in this invention. 

f0034j It e high j uritj s Ifonic ac d o T m t p ese ? inventh t ! ve< reby the 

impup snlfo dtoreroov; the iow-vaient suh \ noleeuh ivy idding to lh< 

1 pure sali > < tcid moxi i creas $leucy oft purity oi lev vaient 

sulfur molecules, mixing the sulfonic acid with the oxidizing at temperatures between 25°C to 
about 95°C for a sufficient time to com lete or nearly eo • % ■> ■ id tion e lev ,-al i 
ill ' i1 -state sulfur compounds onaiho one ma 
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>< raperann s to remove or destraj my residual o> lizhn. igea md optionally, 

adding activated carbon powder to remove residual impurities remaining in the sulfonic acid. 

{O035J Many different oxidizing agents may be - such as hydrogen peroxide, nitric acid, 
permanganate ion. an anodic electric current, niouoperoxysuliaxe, an aqueous solution of 
chlorine o 'K do en in olution o.t i carl « lie ack 

(00361 Sulfonic acids used in this invention contain impurities such as low valent sulfur (II) or 
sulfur (IV) cos pom i i: high t vaieni ur (VI 1 > d » iat a usceptibh o redueiioa 
and may form odorous sulfur compounds. For example, dhnethyisulfone. CTbSCnCIT, maybe 
reduced to sulfur dioxide, S0 2 , or dimethylsulMe (DMSp CH3SCH3. The oxidation state of 
sulfur in DMSTT is six whereas in SO; i: sulfur is in the -Horn- oxidation stole raid it) DMS it is 
two. MMIob CbhSChSClh, which has both a sadfor(TI.) and a sidnfoVI) entity may be reduced 
by metab or <t u 1 m do to un n ' p f \\ ( f a t b both im are now 

in die 4-two oxidation state. 

1003.71 The sulfonic acid used in this invention are characterized in large part as an alky! 
inonosni force acid, an alky! polysulfomc acid or anaryl mono or poiysulfonie acid with low 
concentrations of reduced or easily reducible sulfur compounds and are introduced as; 
R w c 

R a c -~ (SCbOITrv 
j 

wherein aabae-cy equals 4; R, R ! and IT : are the same or different and each independently may 
be hydrogen, phenyl, Ci, F« Br, I, CFh or a lower alkyl group such as (CiTpi where n is from I to 
23 and that is trasubstitated or substituted by oxygen, CI, F, Br, I, CF 3 , -SO7OH, 

[0h3S] i > ii bnic and 

propanesulfonic acids; the preferred Ifonh icids are mctl ic \k and, 

t ot ckl ro> Home cid dtehlotom h iu all ntc ten i 1 ethanedi ulfoni cid 

2-cMofo-l. bethanedisulfoak acid, 1 ,2-dich!oro- 1 , 1-euiaitedlsulfonio acid, 1 T-propanedisiilfunic 
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acid, 3-diloro-l c ci tie distiiibmc acid i ropyk itsurfotlk 

acid, triiloomiethanesiafonic acid, butanesulfonic acid, perfiuo.ro butaxtestd feme acid, and 
pentanesullbmc acid; arid the preferred aryl sulfonic acids arephenyisulibnic, phenoisuifonie, 
para4ouknesulfonkn and xylenes tbtbnic acids; or mixtures thereof, 

10039} The sulfonic acid may be used from a concentration ranee from leys than 1 gel to 1480 
g/L more preferably, at a concentration of about 10 to about 700 grains per liter of solution, still 
more preferably; at a concentration of from about 30 to about 500 grams per liter of solution, 

{0040} j t mtfe <. vo < 'i'Kwo mtin m\<. dsmroay have a pH that is between -2 to 13, 

[0041} The sulfonic acid of tire invention may be an aqueous solution wherein the acid 
solutioi rn > \ 1 i mn i r < s 

P042J As discussed above, electroplating solutions, batteries and de-scaling formulations of 
the invention are particularly effective in solubilizing active metals such as tin, nickel cobalt, 
iron, zinc and more noble metals such as copper and sil ver without the production of an 
unwanted odor, 

[00433 Pure sulfonic acid or metal sulfonate solutions of the invention generally comprise at 
least one soluble metal salt an acid electrolyte, optionally a h v . . >, ;!h plating 
bath additives generally referred to as leveling agents, brighteners, suppressors, conductivity 
salts and the like, and optionally a halogen ion. More particularly, electroplating compositions 
of the invention preferably contain a metal salt of an alky! or atyi sulfonic acid of this invention; 
an electrolyte pi rab i a< die aqueous solution such i sulfonic acid solution with 
optional!} \.\ ent, o\ s M ub additives generally referred to as leveling 

ig ate brightenet s s ppress< j s at d ti e ii ct uid option illy a I ogeo ion and the like. 

£0044 j A variety of metal salts may also be in the sulfonic acid electro! yte of this invention, 
the exact, composition is dependent upon the desired final metal finish and properties of the 
i i torn Croup IB, 2B, 3 \ 3B 4A aB. ^ H ->B„ 
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.6B, 7B, 8B, lanthamde and aciinide metals of the periodic table and ammonium ion or mixtures 
thereof maybe used. 

[1)045] V| m<! ix uO)h>n t 1 ihs H ,X. i mm i I t kit m'lu Ul Hi lone 

an th il wt tii an iki )i i j s ih i i i . iuiu 

introduced as m alkyi or aryi sulfonic acid having the formula as above. The preferred alky! 
sulfonic acids, alkyi poiytadronic acids and aryi sulfonic acids are as above. Metal 
methane uifonate arc rum i t t u at metal salts. 

jOO-Md The terna metal sulfonate in this invention includes metals and metal alloys. Metals 
and alloys may be selected from Group IB, 2B, 3 A, 3B, 4A 5 4B, 5A, 5B 5 6B> 7B ; and SB, 
lanthamde nod actmide metals of the periodic table as well as ammonium km or mixtures 
thereof. 

{(HW\ The metai sait of an Tkyt or aryl sulfonic acid usually has hie formula: 
R."c 
i 

MfRa— C -~SO>OH)yb 



wherein a+b+c+y equals 4, 

R, R" andR )u m e ! v m . d each independently <. >getp phenyl, CI, F> 

Br, 1 CF : ; or a Co? alkyi group such as (CHmn where n is from 1 to 23 and that is uosnbstituted 
or substituted by oxygen, CI, F, Br, t, CFj. or y-SQ 2 OH. 

[0048] A metal sulfonate salt may be suitably present in a relatively wide concentration .range 
in the aqueous sulfonic acid of the invention. Preferably, a metai salt will be employed at a 
concentration born about less than 1 grams per liter to about 500 grams per li ter of plating 
solution, more preferably at a concentration of from about 20 to about 300 grams per liter of 
plating solution, still more preferably at a concentration of from about 40 to about 175 grams per 
liter of plating solution. 
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10049] ft) tllumn ih(,l di of s t ! 1 , s m tmmp i ti 'B 

iB^lA^jll.^V^'i \°j "B M] rs ; ; i - I ,iu:Js of the periodic table and 

ammonium it n or m o mm ilso ->e u ( J in this invention 

]U»50j i'.J.'ivhiLi ...tCw.'vd'uiiat t h<.< <0 r^.opfv' fiu.e , mi. n s , alkali 
earth meta and alkal ae earth metals 

[OftSlj The electrolyte may d l tin free acid to increase solution couducthiry such as that 
needec ti tent > teri< and elecirodepositk proc es te preferred fi scklhasthe 
same anion as the metal salt anion but mixtures of acids are also within the scope of this 
TOventioj Ki ] such as suifura hydrochiori sulfamic, acetic, propioink >ht ihonic, 
tartartic, oxalic, phosphome ami nitric among, others may be used in das invention, 

{00S2J The tree acid concentration ranges from about less than 1 gram per liter to about 900 
gram per liter, more preferably at a concentration of from about 2 to about 700 grams per liter of 
plating solution, still more preferably at a concentration of from about 10 to about 500 grams per 
liter of solution. 

[0053] The in vention also includes sulfonate solutions that are substantially or completely free 
of added inorganic or organic acids and may be neutral or basic (e.g. pH of at least less than 
about 13 to about ?}. Such sulfonate eieetrolyte compositions are suitably prepared in the same 
manner with the same components as other compositions disclosed herein bat without an added 
fee sulfonic acid, 

}0054] Electroche nic solutions of the invention ma eropii t haiide ion source, 

particularly a chloride ion source. Examples of other suitable .haiides include fluoride, bromide 
and iodide. A wide range of haiide ion concentrations (if a haiidc ion is employed) may be 
suitably utilized, e.g. from about 0 (where no haiide ton employed) to 500 g/h in solution, more 
preferably from about 10 to about 400 g/I of haiide ion source in the sulfonic acid solution. 
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{6055} fa addli i I - fal salts aqu 1 > onally maj 

uii 1 i , i 5 ' » 11 <• ! These 

components are often referred to as additives such as suppressors agents, accelerator agents, 
leveling tgenis and the iikx Use use of a buffen a gent u comhrnati n vtftb a suppressm 
agent, an accelerator or brightener additive is particularly preferred and provides surprisingly 
enhanced plating performance, particularly in bard to plate features. 

|0<Ki>| 1 i i <<. % ih du uii in t lib i at ot t so buffi lag 

t 1 I dc If U e f t! is ^ i! >pk lli W ! t iO ]„, s kiudc 

moaocarboxyiie, dicarboxylie and tricarboxylic acid sued as citric acid, tartaric acid, potassium 
sodium tartrate, amino acids, oxalic acid, nitrogen-comaming earboxylic acids aid phosphonie 
acids. Preferred is boric acid, 

(0057] Useful brighteners faelnde those of the following formula: 

XO 3 S-R-S-S^S0 3 X and 
XOi-Ajt-S-S-Af-SOiX 
where in .the above formulae R is an optionally substituted alkyl group, and. preferably is 
an alkyl gronp having from 1 to 6 carbon atoms, more preferably is an alkyl group having 
from I to I carbon atoms; \r is an optioj i.i ;i bsiituted aryi group si ch a optional!) 
substituted phenyl or .naphtlgvi; and X is a suitable counter ion such as ammownm, 
xhm otroti in Sin r K > il k 1 i eo nidi _u ismd j 
dnhio.ud e u >eu.( i od igue-pyi -s,cs ?-mcreapto-propylsnlfonioacid-(3~ 
sulfdpropyl)esier; 3-me.rcaptopropyksulfonie acid (sodium salt); carbonic aekUiiihio-o- 
ed.rylesier-s-ester with 3 -:eaercapto-i -propane sulfonic acid (potassinm salt); 
bissmidpropyl disulfide: s-fbeaztbias-olyk s-thiojpropyi sulfonic arid (sodium salt); 

mm pn I stiifoi 1 < i n 1 prop 1 >. Ifonat i 1 > 

sulfide con 3 v St c mU^ Pat 'so " 778 357 he pei »xid« oxidation product 

of adialkyi anilno4hiox-nietb 1 1 i ibinaiions of the above , 

inaisu.it . gbteners are ai o described ml S Pal Nos 
3,770,398,4374,709,4376,685, 4,555,315, and 4,673,469, ail incorporated herein by 
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reference. Particularly preferred brightatiers for use in the plating compositions of the 
invention are n ; n-dimethy!~dithiocarbanTie acid-(3-^libpmpy!)ester and bis-sodium- 
sul.fonopropyldisurfide. 

(0058J Surf&ctan userai in tlie present ii ention inctade e.g 3000c- ucb a eth eyiated 
amines, polvox: ! k% e e tni 5 an ilkanol mm< mides: po glycoktype wetting agents, 
ititlta pel J, koc h d poi Ikkn bed I pokrw 1,0 ;k ^> ' wok da 
weight polyethers; polyethylene oxides (mot wt 100,000 to 3 million); block copolymers of 
rihoM la), j. h 1 c >h kkn Us unpf »t . u tmsuehasko-\ Lu.d 
diamines; Particularly suitable sarfactaots tor plating compositions of the invention are 
commercially available polyethylene glycol copolymers, including polyethylene glycol 
copolymers. 

[00501 Wettsng agents may be vised wife, the sulfonic acids of this invention. The wetting 
agents may be selected from canonic, anionic or non-ionic molecules. 

|0060) The invention may also ose eompkxing agents for metals particularly if the sulfonic 
acid of the uweuUoo t • ed m uu to k position or de-scaling processes. Examples of suitable 
completing agents include moaocarbosyiic, diearboxylic and tricarboxylic acid such as citric 
acid, tartaric acid, potassium sodium tartrate, amino acids, particularly glycine, oxalic acid, 
alMylammes, alkylaikanol amine, EDTA and pbospbonie acids. 

[0061 } Electrochemical processes of the invention may be carried out from less than ambient 
temperatures to elevated temperatures. Preferably, the electrochemical processes are used from 
about -20oC to abo ve 95°C depending upon fee processes in use. 

[0062] The sulfonic acid, solution may he stagnant or is preferably agitated during use such as 
by using an air sparger, physical movement of the work piece, ultrasonic radiation, impingement 
ot.be aft * ) 
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{0863} Bhcirolysis is preferably conducted at a cwtmt density ranging fiPm Jess than 0. 1 to 

i n the process tod the electrolyte 

characteristics. 

{6664j Electrolysis times may range from about less than one minute to greater than twenty- 
four hours or more, depending on the difficulty of the work piece and the desired 'finish, 

[0065J The invention described also includes the use of direct, poise or periodic current 
v.oeionro to .,i< h J ptoduu • oj m < ' i ibl s e tl >' '» K v ei _\ dee 

[0066] . j eetroda 

material 

(.60671 A wide variety of substrates may be electroplated, de-scaled or coated with a 
conductive polymer with the compositions of the invention, as disclosed above The 
coffipi tion ftheh tion m \ micula j fid to elect I piece uch i 

circuit board substrates with small diameter and low aspect vias or through-holes, integrated 
circuits with low aspect ratio via*, integrated circuits with high aspect ration uncrovias and other 
elecp-ouic features. The plating compositions of the invention also will be particularly useihl for 

is ed re t devi oeh a fomied semiconductor device nd the like h< 

sulfonic acids of this invention will also be useful for the de-sealing of metals. The sulfonic 
acids of this invention will also be useful as an electrolyte, in batteries and other energy storage 
devices and during the polymerization of organic monomers to form conductive polymers. 

10668] The foregoing description of the invention is merely illustrative thereof and it is 
understood that variations and modifications can be effected without departing from the scope or 
spirit of the invention as set forth in the following chums. 
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[0069J A, Commercially available- 70% memanesidfbnic acid (MSA) feat contains a high 
concentration of metliybu-thanethiosulfonate, [MMTS, (CH3SC2SCH3)] was purified by the 
.following procedure: 

(1) 250 ml of 70% mctlwnesuifoaic acid containing 12 parts-per-million (ppm) 
was placed into a 500 ml beaker. 

(2) 30% hydrogen peroxide solution, 1 .125 grains, was added and die MSA was 
heated to 140 degrees Fahrenheit for three hours. 

( 3) lire methanesulfoMC acid subitum was cooled to room temperature and 
analyzed for MMTS. 

[0070] The concentration of MMTS after the hydrogen peroxide treatment was non-detectable 
broma ' Mier purification .the MSA was diluted to i 5% by the addition 

of water. 

(0071 J 8, A sample of 15% meCfaanesulfonic acid (MSA) made according to Example I A was 
electrolyted using a pure tin anode, an insoluble tiidium oxide-coated titanium cathode. Daring 
electrolysis, tin dissolved into the 15% MSA. Inchloroarethylmethyhultone (TCMS) was 
added incrementally arid the he&dspace gas above the eiectechemkal cell was smelied for 
detcctabte odor. After about 0.9 ppm ofTCMS was added, an. odor was noticeable. 

E xamp le 2 

f0O72| A sample of 1 5% mcthauesulfomo acid (MSA) made as in Example 1(A) was 
electrolyted. using a pure tin anode, an insoluble iridium oxide-coated titanium, cathode. 

p)73| Owing electrolysis, tin dissolved into the 15% MSA. Methyimefoamthiosuffonate 
(MMTS) was incrementally added and the headspace gas abo ve the electrochemical cell was 
smelted for detectable odor. After about 0,23 ppm of MMTS was added, an odor was noticeable. 
MMTS was seen to decompose using chromatographic techniques to primarily dimethyldi sulfide 
(DMDS) in the electrolysis ceil Mefh.yl.ri t t rgtao 0 10S S 1.) and dirnethylsuifide (DMS) were 
also observed after electrolysis, both odorous impurities. 
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Example .3. 

[00?4] Wivoleoxi uh"c - i H"» 

eiectrolytesdosing a pure tin anode, an. insoluble iridium oxide-coated titanium cathode. 

(0075) D i ysis Jvet >thc !5 s In ^ n t.b Iroethanemiosi 1 e 

I s 1 i tu,£K i' tfh added up to v ^ < N 1 

was add ed 1 .0 ppro of Tridororoethyisuifone (TCfvtS). A very pungent odor was observed 
ndic-iiu i a t 1 h <<a !,k \v> impurities in producing the undesirable odor. 

f 0076] A sample of 1 5% methanesulfomc acid (MSA) made as in Example 1 (A) was 
etectrolyted using a pure tin anode, an insoluble iridium oxide-coated titanium cathode, 

IP?7} During electrolysis, tin dissolved into the 15% MSA InetaromMhylsulfone (TCMS) 
was added and after electrolysis, the MSA in tire electrolysis cell contained dimethylsulfide and 
dimethyidisdnde leading to an undesirable odor. 

Exa mple 3 

(0078] A sample of 1 5% methanesulfomc acid (MSA) made as in Example 1(A) was 
decmth u J !,sii!c a pun m anode, an insoluble iridium oxide-coated titanium cathode. 

10019] During electrolysis, tin dissolved into the 1 5% MSA. After electrolysis, the MSA 
contained no underrirahie low-valem sulfur compounds. A similar study was done but I ppm of 
MM.TS was added to the MSA and after electrolysis, an odor was detected and the analysis 
showed diraerayisrdfide, methylsnlftcle. dimethyldismfide and dirnethyhrisuitlde were present in 
the MSA. 

Example 6 

(0080] Two purities of roe-thane sun < cid (MSA) were tested 
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(008IJ 0o ^ s commerci ij ivaiiable70 > ISA the her 7f VISA fthe seal 
invention which was made according to the procedure of Example I except thai it was not 
diluted 

[0082] The impurities, with amounts, m each composition is as follows: 



Component 10 


V -i < it W t .i 
70%MSAoi 
the invention 


sunless indicated; 

'-«., 

MSA 


Todbs""""""""" 


ejjs _____ 




MMS 


















%tvris ™ 


<! ~~ 


To" ~~~~ 


DCMS 


0,1 " 


a 


i c vis 


None 




Oilier 
tfaknowaa 

.'.■^Otal)' ' ' 




4 



{0083} A zinc meihamcuafbnate solution was prepared by dissolving zinc carbonate in 70% 
metbanesulfomc acid as listed above . The final conceotratioa of zinc ion was 65 g/i. During 
dissolution ofjsnc in the 'impure 70% MSA, a pungent odor was observed while the zinc solution 
prepared using the clean 70% MSA emitted no significant odor. An additional 1 molar free MSA 
was added to each zinc r.oethanesuifonate solution, the same 70% MSA that was used to prepare 
the zinc electrolyte, Blectrodeposition ofzkc from each solution, was done on clean steel panels 
at 60 amperes per square foot (ASP). The zinc deposit plated from die clean 70% MSAS 
electrolyte was made gray and uniform while me zinc deposit plated from the impure 70% zinc 
solution was dark, rough and commercially unacceptable. 
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Claims 

1. Vna ution foj ? v m >n J i i ocl < tical pro the luttoncomprisiuga 
.sulfonic acid and low eoBceMTatiofts of low-vaknt sulfur (0) compounds and mgher-valeni 
sulfur (IV") compounds thai axe susceptible Jo reduction. 

2. The solution of Claim I wherein the lovv-vaieof sulfur fii) compounds and .higher- valeni 
sulfur (IV) compounds are dknethyldisulfide, dimethyl sulfide, cnmethyLsulfone, 
U-icioromethylmeetiiyisulibue Halo to i m »etl imethanethi i , 
methylmethanesulfonate. 

3. i he b t < u i< hun 1 to-u nuk tiuois w o o t - on 1 u 1 t hJuBUS uid 
descaling processes. 

4. The solution of Claim I wherein die total amount of reduced sulfw(J.V") compounds is 
less than 50 nig/liter. 

5. The solution of Claim 1 wherein the concentration of reduced sulfux(IF) compounds is 
less than 50 »a !, o 

6. The solution of Claim 1 wherein the sulfonic acid is derived from an alky! monosuifonic 
acid m Ik ipo'lx ulfonic acid, or an ary.1 mono or polysulfome acid. 

7. The solution of Claim 1 wherein the sulfonic acid is introduced as: 

R"e 

I 

Ra-~ C — (S0 2 OHjy 
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wherein a+b+c-fy equals 4, 

R k indR ne&esam or different and i x tly j *ybel drogen, phenyl, ( I 
Br, 1, CP 3 or a lower C : . 9 alky] group (hat is unsubsfeuted or substituted by oxygen, CI, F, Br, I, 
CR. -S0 2 OH. 

S. fi i i i h iuw uiMnt'iA t nu i)i 1 inn 

acid, propanesulfonic acid, mefeanedisuifonk acid, monochkuomcthanedisnifomc acid, 
dkhloromefeaoedisulfbnk acid, U-cnbanedistdfomc acid, 2-chl.oro-l , i -etlmted.isuiton.ic acid, 
1 >-dk h I ! ilfonic reki i -propanedisidfoi e j«_ki S-ehloro-lfl- 

propanedt sulfonic acid. 1 ;2~ethykne disulfonk acid, 1,3-propylene disulfouic acid, 
>jd tH'uh fh.i t, i d do mesolfoaic acid, p«rfiuorobutaiiesuifo.oic acid, penJanesulfonk 
,n-id, piu oi . - . ' , ;cnf para-touknesci - ,.\; > d -onto acid or 
mixtures thereof 

9, < c icidand 

.has a concentration range from 1 to 1480 g/J. 

1.0. The composition of Claim 9, wherein fee concentration of fee free ai'kane sol ionic acid is 
sboutlO to about 700 grams per liter of solution, 

1 1 . The composition of Claim 9, wherein the con cent rah on of the tree aikanesui tonic acid is 
about 30 to abotu 5 00 grams per liter of solution. 

1 2. The composi tion of Claim i wherein fee pH is between -2 to 13. 

13. The solution of Claim 1 wherein fee acid is a mixture of a sulfonic acid wife other 
inorganic or organic acids, 

14. fhe solution ifCla a I which contains ! ' ■ < dt mdifee 
sulfonic acids and which is intended for use in electrodeposition, batteries, conductive polymers 
or descaling processes. 
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15. The solution of Claim 14 wherein the metal salt is introduced as an alkyi or and sulfonic 
acid of form ula: 

ire 
i 

MfRa — C --(SCbOIDv], 

I 

wherein a+b-t-c+y equals 4, 

R, R* and R" an h< me >r different and e* - ro nj < 

Br, F CF 5 or a C s .y atkyl group such as (CH 2 )i3 where « is from 1 To 23 and that is unsubstituted 
>r substituted by oxygen. CI, F. Br, 1. CI o S< 1 < >i I 

16. jo it » Hi., U ^ l • Ik oi > < i «>i > S u > v \i ion i> ,Ko ,ls i 

and any free acid are introduced as an alky] sulfonic acid of fomvula: 

Ra~~ C -~{'S0 3 OH),y 
R ! b 

wherein a-fb+c+y equals 4, 

R, R' and R" are the same or different and each independently may be 'hydrogen, phenyl. CI, F, 
Br, 1, CF^ or a alky! groan suck and that is uosubstituted or substituted by oxygen, CI, F, Br, 
I CFa, -SOsOE 

17. The solution of Claim 1 4 wherein the metal salt will be employed at a concentration from 
about I to about 600 grams per liter of electrolyte solution. 

IS. tbs solution of Claim 14 wherein the Ifcaoesuihmic a\c list han Ifon acid 
ethea.it ifonic acid, propanesultbnic acid, b onethan 1 ic -acid or mixture thereat 

19. The solution of Claim 14 where e met dfome i salt eted om metals in 
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Group IB, 2B 5 3 A, 3B, 4A, 4B, SA, 5B„ 6B, ?B> 8B ; iamhanide or actimde metals of the periodic 
Tabic and ammonium ion ox mixtures thereof 

20. ic <ha« ' Mu i J ' < hetct . tin * tH'l 01 ui ko-ilti i.\ i . . e^u .nt 

21. i v olution Claim i herein, the metal ulfon ickl salt, is copper methanesuifoaate 

22. The solution of Claim ] 4 wherein die metal sulfonic acid salt is nickel methaueafo donate, 

23 . The solution of Claim 1 4 wherein the metal sulfonic acid salt is ferrous 
met&ariesulfonate. 

24. i lot f CI ! herein th e 1 dc aci f. is m alkali d me earth 
metal. 

25. The solution of Claim 14 wherein the sulfonic acid salt is supplied as a .mixture of a metal 
snifbaate salts selected from raetafs hi Groap LB, 2B, 3 A, SB, 4 A, 4B, 5A» SB, 6B 5 TB S SB S 
lanthanide and actinide metals of the periodic table and ammonium ion. 

26. The sol ution of Claim 1 wherein a buffering agent, is added to modulate the pH of die 
electrolyte, 

27. The solution of Claim 26 wherein the buffer is boric acid. 

28. The solution of Claim 1 which contains an organic monomer selected from aniline or 
substituted aniline or pyrrole. 

29. A process for the preparation of high purity aikanestdfonic acids wherein .tree 
esui&o cid is first n rem » tlent sulfa? 

iding to the ii utfo.nte acid iiei lizij at -use tli> icy of die h 

sulfur molecules, 
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t 1 res beh-veei C to about 95°C for a sufficient lime H 

complete the oxidation process, 

optionally, heating the aikanesulfaoic acid to elevated temperatures to remove residual oxidizing 
agent, and 

optionally, Adding activated carbon powder to remove residual impurities. 

30. fhe process of Claim 29 lereinthe oxidising agent i a ted from hydrogen peroxide 
or?u< m eo m n r <u h'kIu efrt,U^ m tout o mi >,h <<\s uh tc pk< olouonor 
chlorine, a halogen in a solution of a carboxylic acid. 

31. A process of making metai-sultbnate solutions by dissolving pure metal, metal carbonate, 

it til l\lu . lil tl 1 i in jlff'tulsi l a i < n 1 V CD K 

metal ion concentration varies from 1 g/1 to 500 gd, 

32; A. process for the deposition of a metal j&otn the solution in Claim 14 and passing an 
electric: current through the solution to electroplate a metal or a metal alloy unto a substrate. 

33. The process of Claim 32 wherein die substrate is a semiconductor device, a printed 
circuit board, m inert electrode, steel, copper or copper-alloy, nickel or nickel-alloy, cobalt or 
cobalt alloy., a refractory metal or oxide, carbon or an organic substrate. 

34. The process or Claim 32 wherein the acid is raetaanesulfonic acid. 

3 5 . The process of Claim 32 that contains a mixture of sulfonic acids and other inorganic and 
organic acids, 

36. The process of Claim 32 wherein direct current, pulsed current or periodic reverse current 
is used. 

37. The process of Claim 32 wherein a soluble or an insoluble oi fro d anode is used. 
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38, The process of Claim 32 wherein the temperature of the metal sulfonic acid electrolyte is 
between 0°C to 95°C. 

39. 'Tiie process of Claim 32 wherein the metal is pure or a metal alloy With a metal from 
Group 1 B, 2.8, 3A, 30, 4 A . 4B, 5A> 5B, 6B } 7B, SB, the knthamde or actimde metals or alloys 
thereof. 

40, \jt i. wuh i tm du\u tl iu urn >t! t 5 ti i ( mlpt^u'in 
electric cur; tst J it itk olution « temo the ox ids t red metal or a .metal Hoy on a. 
substrate. 

41. The process of Claim 40 wherein the substrate is a semiconductor device, a printed 
circuit board, an inert electrode, steel, copper or copper-alloy, aicicel or nickel-alloy., cobalt .or 
ixfoah f 11 }} a 1 c; cacti a 5 - c d or oxide, carbon or an organic substrate, 

42. The process of Claim 40 wherein the acid is mefbanesulfoaic acid, 

43. lite process of Claim 40 thai contains a mixture of sulfonic acids and other inorganic and 
organic -acids. 

44, The process of Claim 40 wherein direct current, pulsed current or periodic reverse current 
is used. 

45, The process of Claim 40 wherein a soluble or an insoluble or inert electrode is used. 

4-6, An article of manufacture comprising an electronic device, a metal or metal alloy, a 
battery device, a conductive polymer or a metal surface tree of oxides obtained from a 
composition .from Claim. .1 . 
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AMENBEB CJLAIMS 
[received by the late - f > }4 (10,09.04) 

original claims 3-6,S44;20-24,27,28.333?3$42 and 45 are unchanged ; 
Claims 1,2,7,3 549,25,26,29-32,34-3639-41 ,43 and 44 have been amended ; 
Claim 46 has heen Ga^eeHed, (7 pages)] 



I , An aqueous solution for use ia an electrochemical process, the solution 

comprising a sttffonie acid and low conceafiratior^ ©fiow-vaimt mVfox (It) md 
sulfur (W) compounds and mgher-valeut sulfur (VI) compounds mature 
&iscepriale to reduction. 

2. The solution of Claim 1 wherein the kw-vslmt sai&r (II) and sulfur (IV) 
compounds and Mghsi -valeai sulfur (VI) compausds are dimethyl disulfide, 
dimethyl sulfide, dimethyl suJfene, triclorornethyl methyl suffone, dichloromc&yj 
methyl sulfone, methyl TH8thanesthiosulfon»tc J sad methyl methanesuSfonate, 

3. The solution of Claim 1 for use in eiectrodeposiiton, batteries, conductive 
polymers and descaling processes, 

4. The solution of Claim 1 wherein the total amount of reduced sulfiirOV) 
compounds is less than 50 mg/lher. 

5 ■ The solution of Claim 1 wherein the concentration of reduced sulfutf/T) 
compounds is less than 50 rag/liter, 

6, The solution of Claim 1 wherein the sulfonic acid is derived firom an alkyi 

monosulfouic aeicl, an slkyl polysuifonic acid or an myl mono or polysttlfonic 
acid. 



The solution of Claim 1 wherein the sulfonic acid is; 

We 

! 

I 
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wherein a-H>+c+ y equals 4, R, R' and 3T arc the same or different and each 
independently arc bydrogen, phenyl, CI, F, Sr., (, CPj or a lower (:,.« alky) group 
that is unsafe* touted nr substituted by oxygen, CI, Br. L CF> f or -SOjOi-1, 

!5. F* I < sa sulfonic acid is mstbaaesul > 

o^taaewil&mc add, ptopanesolfoaic acid, metitoedisuUbaic acid, 
roonocMorom«ftaiK^ijs«lfomc acid, dichloromethanedUulfdnic add, 1,1- 
etbaoedijdfoiac acid, 2~eMorx?-lJ-ethaaediswJfomc acid, LZ-dichbro-i .i- 
eth^edtsutforhc acid, Ui?mpanedisulfonic acid, 3*chloro4,1-pK>pa{isd3i;ulfomc 
acid, 1 ,2~ethyieno dkafforric acid, 1,3-firopyIene disulfcnic acid, 
tritluormethanesnifhnic acid, butemsStthbmc acid, perfluarobutanesulfQaie acid, 
pcntanssuifomc acid, phenyJsultbnic acid, phenokulfomc acid, pa?»- 
touienesulfome acid, xyienesulfonie acid or mixture thereof. 

9, The composition of Claim 7 wherein the sulfonic, acid is a free aikaaesul&oic 
acid and has a concentration range from 1 to 14&0 g/l 

1 0, The composition of Claim % wherein the concentration of the free &&anesuifyme 
acid is about i 0 to about 700 grams per liter of solution. 

1 1 , The composition of Claim 9, wherein the concentration of the free alkaues^ifonse 
acid is about 30 to about 500 grains per liter of solution. 

1 2, The composition of Claim 1 wherein the pH is between -2 to 13, 

13 , The solution of Claim 1 wherein the acid is a mixture of a sulfonic acid with other 

inorganic or organic acids. 

1 4 "lfie solution of Claim 1 which contains a metal sulfonate salt or other metal salts 

and free sulfonic acids and which Is intended for m in elec{ro4eposltioti s 
batteries, conductive polymers or dcseaB«g processes. 
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S 5 , 'Eho soitaioa of Claim 1 4 wherein the metal salt is introduced as sn alkyi or wyl 
sulfonic acid of Ibrrnuisr. 

R?*e 

! 

M]Ra — C <S0 2 OH)y) 2 

) 

TVb 

wherein a-*-fc+o*y equals 4, M h a metal sel&itea from metals in Group 1B» 2B» 
3A> 3B, 4A, 4B, 3A, SB, 6B, 7B, 8B, lanthaoide or acUaafc metals of th$ periodic 
table and ammonium ion of mixtures thereof, R, R.' and R" are the same or 
different mi each independently is hydrogen, phenyl, CL F, Br, T, CF 3 or a C s . 33 
alkyl group that is misuhstituted or substituted by oxygen, CI, F> Br, J, GF3, or - 
SO?OH- 

16. The soitaioa of Claim 14 wherein the sulfonic aeid of the a&toftic portion of the 
mefai salt and aay free sulfonic acids are raiyoduesd as an alkyl sulfonic acid of 

R"e 

I 

Ra_~ c — (SGjOH)y 

I 

R ? b 

wherein a+h-i-c+y equals 4 S 

R, and R w are the same or dif&tect and each wdepeodentJy arc hydrogen, 
phenyl, Ch F, Br, 1, CF 3 or a Cf^s alkyl group that is unsubstituted. or substituted 
by oscygea, Cl ? F> Br, I CFj, or -SO^OH, 

17, The solution of Claim 1 4 wherein the metal sails will be employed at a 
concentratioit from abem 1 to about 600 grams per liter of aqueous solution. 
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J 8. tl» solution of Claim 1 4 wherein sulfonic add is methanesyifemc acid, 
ethanesulfcnic acid, propanesulfonic acid. t?if!uoxomethsnesyl&,mc acid or 
mixtures thereof, 

! <?, The solutioa of Ciaiia 1 4 wherein the mala! sulfonate salt or other metal salts is 
selected irorn metals in Croup IB, 2B, 3A, 5B, 4A, 4B, SA. SB, SB, 7B. SB, 
lanfchamdc or actinide rn.ef.ak qf the periodic table and ammoniam ion iff mixtures 
thereof. 

20. The solution of Claim 1 4 wherein the metal sulfonic add salt i* rint 
mevhanasulfonate. 

21. The solution of Ckim 14 wherein the metal sulfonic acid sail is copper 
methmesulfomie, 

21. The solution of Claim 14 wherein the metal sulfonic add salt is nicks) 
mcthanaeulfonale, 

21, The solution of Claim 1 4 wherein the metal mWmic acid salt n ferrous 
meihanesulfomtte, 

24, The solution of Claim 14 wherein the metal sulfonic acid salt is m alkali or 
alkaline earth metal. 

25, The solution of Claim 14 wherein the metal sulfonate salt or other metal salt is 
supplied as a mixture of a metal sulfonate salts selected from metals in Group IB, 
2B, 3 A, 38, 4A, 4B, 5 A, 58, <SB, 76, %B f lasttai&fe and actinide metals of the 
periodic table and ammorium ion. 

26, The solution of Claim ] wkrem a buffering ageni is added io modulate the pli of 

the aqueous solution. 



AMENDED SHEET (ARTICLE 10} 



WO 



PCT/liS2004/«nS8? 



27, Tfc solution of Claim 26 wherein the buffer is boric acid . 

2& saltation of Claim I which contains an organic monomer selected fem aniline 

or si.'.bstjtyfed aniline or parole, 

29. A process for the preparation ofhigh parity qlfomesnlibaic acids v/hereia &se 
alkanesulfonifc acid is Orsi treated to remove low-valent sul&r molecules by; 
adding to the free aHcanftsalfonic acid sufficient oxidising agent to increase the 
valency of the lew-valenf sulfor molecules, mixing the sulfonic acid at 
temperatures between 2S C C to about 95°C for a sufficient time to increase the 
valency of the low-valent sulfor moiecuies.opttonaiiy, heating the alkancsulfbnic 
acid to elevated temperatures to remove residual oxidising ag«nt f and optionally, 
adding activated carbon powder to remove residua! impurities. 

30. The process of Claim 29 wherein the oxidizing agent is selected from hydrogen 
peroxide, nitric acid, permanganate, an anodic electric current, 
monoperoxysnlfete, aqueous solution of chlorine, or a halogen in a solution of a 
carhoxytic acid, 

31. A process of making metai-soifoastei solutions by dissolving sufficient pure 
metai, metal carbonate, metal oxide or other metal salts into an aqueous solution 
according io Claim 1 to provide a metal ion concentration varies from 1 g/i to 500 

a/l- 

32. A process for the deposition of a metal ftomthc solution in Claim 1 4 comprising 
passing an electric current through the solatia® to electroplate a metal or a metal 
alloy onto a substrate, 

33. The process of Claim 32 wherein the substrate is a semiconductor device, a 

printed circuit board, art inert electrode, steel, copper or copper-alloy, nickel or 
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34. The process of Claim 32 u 

35, The process of Claim 52 *te 



37. The process of Claim 32 



38. The process of Claim 32 wherein the- tempera* 
electrolyte Is between ifQ to 95'C 

39. The process of Claim 32 wherein metal is s pure metal or a metai alloy, the 
metd selected from Group IB, 2B, 3A, 3B, 4A» 4B, SA, 50, 6D % 7B, 8R, the 
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